Several podiform chromitite samples from abyssal peridotite have been recovered from Site 1271 at the 15°20′ N fracture zone (FZ) in the Mid -Atlantic Ridge (MAR) during an Ocean Drilling Program cruise, ODP Leg 209. It is observed that only chromian spinel is preserved as the primary mantle mineral and that all other primary minerals in the chromitite samples are completely altered. The primary chromian spinel has moderately high Cr#= Cr/(Cr + Al) atomic ratio; approximate value = 0.5, which is comparable with Cr# value of the chromitite "minipod" sampled from Hess Deep (Arai and Matsukage, 1996) . Samples associated with chromitites consist of mainly dunite, some amphibole -bearing gabbros and troctolite, and a very small amount of harzburgite. Therefore, the chromitites from this site are categorized under the rock series that composes the Moho transition zone, similar to those in ophiolites. This implies that a mass of melt existed, but was consumed by melt -rock interactions in the uppermost mantle beneath this area. This in turn means that the area is not magmastarved, although it is unclear when and where the interactions occurred. The formation of the chromitites at Site 1271 is probably occurs through the series of hybridization processes which suggested by Takazawa et al. (2007) .
INTRODUCTION
Podiform chromitite has a pod -like structure and is mostly composed of the mineral chromite or chromian spinel (simply called "spinel" hereafter). Although chromitites are common in the mantle section of ophiolites, it is generally enveloped by dunite and is found in the Moho transition zone (MTZ) of the ophiolites. They are generally found in most ophiolites, for example, in the Samail ophiolite in Oman and Troodos ophiolites in Cyprus. They are one type of chrome ore deposits; however, the yield is less than that in the case of stratiform chromitite in layered intrusions such as the Bushveld Complex (South Africa) and the Stillwater Complex (USA). Although they are commonly found in ophiolites, a few chromitite samples have been found on the ocean floor. A chromitite "minipod" included in a troctolite with hybrid -origin melt -impregnated dunite has been reported from Hess Deep at the junction of the East Pacific Rise and the Galapagos Rift (Site 895, ODP Leg 147; Arai and Matsukage, 1996) . Spinel -rich seam (2 -3 cm thick) in dunite at Atlantis Bank on the Southwest Indian Ridge has been sampled during a manned submersible survey carried out using Shinkai 6500 (Morishita et al., 2007) . A few samples have been obtained from Mid -Atlantic Ridge (M. Seyler, personal communication, 2004; B. Ildefonse, personal commnication, 2008) . In this paper, podiform chromitites in abyssal peridotite obtained from Site 1271 during ODP Leg 209 to the south of the 15°20′ FZ in the MAR are described petrologically; in addition, the mineral chemistry of the chromitites is discussed. Preliminary petrographic description of the podiform chromitites issued onboard was published in the initial report of the cruise .
GEOLOGICAL BACKGROUND
Site 1271 is located on the edge of the inside corner high that lies to the south of the FZ (Fig. 1) . The mean full spreading rate (~ 2.5 cm/yr; Fujiwara et al., 2003) of the MAR in the area suggests that it is a typical slow -spreading mid -ocean ridge. This area was thought to be a "magma -starved" spreading ridge because there is little basalt cover and abundant serpentinite exposures on the both side of the ridge. In all, 19 holes were drilled at eight sites (Sites 1268 -1275) during the cruise, and ultramafic rocks and mafic plutonic rocks with abundant olivine were sampled from six of the eight sites .
Site 1271 has two holes: Hole 1271A and 1271B. Chromitite was sampled from both the holes. Spinel -rich dunite with a small amount of a pseudomorph of pyroxene grain, some gabbroic dikes, a few intergranular gabbros, and a chromitite pod (Figs. 2a and 2c) were sampled from Hole 1271A. The total depth of this hole is 44.8 mbsf with 5.76 m (12.86%) core recovery. Hole 1271B is deeper than Hole 1271A. Its total depth is 103.8 mbsf with 15.9 m (15.3%) core recovery. The core samples consist of four lithological units: dunite and gabbro (Unit I); harzburgite and dunite (Unit II); gabbro, troctolite, and dunite with chromitite (Figs. 2b and 2d; Unit III); and dunite (Unit IV). Pyroxenes and olivine grains are highly altered in these samples. The gabbro dikelets and distributed gabbroic materials are common in the most cores.
SAMPLE DESCRIPTION AND MINERAL CHEMISTRY
Two chromitites from Holes 1271A and 1271B (Figs. 2c and 2d), and a dunite in the same piece of 1271A chromitite ( Fig. 2c ) are described in this paper. An irregularshaped chromitite pod (3.5 cm in diameter; Fig. 2c ) is contained in Core 1271A -4R -2 (Piece 2). It is enveloped by spinel rich (up to 45%) dunite with bastite and orthopyroxene (up to 10 vol%). About two -thirds of the spinels in the chromitite are found to be highly altered into opaque minerals when observed under a microscope with plane -polarized light (Figs. 3a and 3b). Figures 3c and d show the backscatter image. A few small grains of rutile were found in the spinel grains of the 1271A chromitite (Fig. 3b) . The spinels locally include chlorite and serpentine minerals, which replaced after plagioclase and olivine or pyroxene inclusions. Where the grains of spinel are broken and completely altered, the inclusions were also completely altered (Figs. 3a and 3c) . A couple of spinel concentrated bands, which are disseminated chromitites (Fig. 2d) , were observed in two horizons in Core 1271B -13R -1 (Pieces 6 and 7) and in Core 1271B -14R -1 (Piece 7). The proportion of spinel varies from 35 vol% to 45 vol%, and the grain size ranges from 1 mm to 5 mm; the grains are euhedral to subhedral grains. Spinel grains are surrounded by a matrix of olivine with a small amount of plagioclase, which are now replaced by serpentine and chlorite, respectively. They are further surrounded by spinel rich dunite in the core from Hole 1271B (Fig. 2b) . The cores of the spinel grains in the chromitite show moderately high Cr# (av. 0.52 and 0.48 for Holes 1271A and 1271B, respectively). These spinel grains are similar in composition to spinel in dunite surrounding the chromitites (Table 1 ; Fig. 4 ). The composition of spinels in dunite and troctolite from Hole 1271B (Takazawa et al., 2007) is also shown in Figure 4 for comparison. This suggests that the spinels in the chromitites have relatively high Cr# near the upper bounds of the compositional range for spinels in dunite from Hole 1271B. It is comparable with that of the chromitite from Hess Deep (Arai ) atomic ratio (Fig. 4b) . Mg# of spinel core in the samples varies widely, from 0.7 to 0.3 (Fig.  4a) . The TiO 2 content of 1271B chromitite is lower than 0.5 wt% and comparable with the TiO 2 content of the compiled abyssal spinel peridotite. On the other hand, the TiO 2 content of the 1271B chromitite is slightly higher than that of the 1271A chromitite (Fig. 4c) .
DISCUSSIONS
The lithologic variation in the core samples from Site 1271 suggests that they are from the MTZ. For example, the association of partially hybridized peridotite with chromitite, gabbroic rocks, and troctolite containing various amounts of plagioclase is common in the MTZ of the Oman ophiolite, even though it is rare in amphibole (Nicolas, 1989; Boudier and Nicolas, 1995) . The Cr# of spinel in the dunite and chromitite from Site 1271 is moderately high (~ 0.5). It is comparable to that of the chromitite from Hess Deep (Arai and Matsukage, 1996) and lower than the values of the majority of spinel in the ophiolitic chromitite (0.5 -0.8; Barnes and Roeder, 2001 ). The chromitites from Site 1271 were definitely formed under oceanic conditions, which are different from the chromitite in the most ophiolites. A similar inference was made by Arai and Matsukage (1996) for the Hess Deep chromitite.
Chromitite is usually explained as a precipitation product from a magma -mixing with silica -undersaturated and silica -saturated melts (Irvine, 1977; Matveev and Ballhaus, 2002) . Podiform chromitite is commonly found in the mantle section of ophiolites (Nicolas, 1989) and is usually surrounded by dunite within harzburgite. Lherzolite -hosted podiform chromitite is very rare (Irvine, 1977; Arai and Abe, 1995; Morishita et al., 2006) . The origin of podiform chromitite is interpreted to be a product of interaction between basaltic melt and moderately depleted harzburgite (Zhou et al., 1994; Arai and Yurimoto, 1994) . In any case, the precipitation of the chromitite requires plenty of melt in view of the conditions existing in the uppermost mantle. Therefore, there should be a large volume of melt in the uppermost mantle beneath the examined area despite the area being considered "magmastarved." The melt did not erupt onto the ocean floor, but it was consumed in deep under the seafloor. The abundance of dunite and gabbros including troctolite in the samples from both holes implies the "magma -consuming" model because the melt could be consumed and could produce these rock series as the reaction products in the subsurface condition. Takazawa et al. (2007) proposed the hybridization of the dunite and the gabbroic materials in Hole 1271B; this suggestion is similar to our suggestion of magma -consuming in the upper mantle. The chormitite in Core 1271B -13R -1 is located in the upper part of Unit III, where the hybridization of dunite and gabbroic materials produced certain amounts of olivine gabbro and troc- Takazawa et al. (2007) . The chromitites at Site 1271 are probably a result of a series of hybridizations.
Some grains of spinel in the samples have thick rims of Cr -magnetite, or are completely replaced by magnetite without a chromite core. The chromium content of the rim increases with Fe enrichment. Barnes (2000) examined the modification of the chromite in Komatiites during greenschist to mid -amphibolite facies metamorphism. According to Barnes (2000) , the significant depletion of Al from chromite cores takes place above 550 °C; this is a result of equilibration of the fluids in equilibrium with chlorite. The modification of the core to rim of the spinel in the chromitite from Hole 1271A (Fig. 4) could have occurred during such high temperature metamorphism in this area. Bach et al. (2004) and Alt et al. (2007) have suggested that samples from Site 1271 and Site 1268 that contain a large amount of talc were metamorphosed at the temperature higher than 350 °C. 
CONCLUSIONS
The petrology and mineral chemistry of podiform chromitites in samples drilled from the ocean floor at Site 1271 at the 15°20′N FZ in the MAR have been reported for the first time. The spinel chemistry is similar to that of the Hess Deep chromitite, but different from the spinel chemistry of the majority of the ophiolitic chromitite. The association of the occurrence of chromitite associated with abundant dunite and some troctolite in Site 1271sug-gests that a mass of melt crystallized in the uppermost mantle and produced the rock series constituting the MTZ through hybridization beneath this area. This means that the area is not magma -starved, although it is unclear when and where the interaction occurred. The chromitites at Site 1271 underwent high -temperature metamorphism, at least in the upper greenschist facies.
